•ii numerous defined, mare-like wrinkle ridges similar to those appearing on the lunar mafia. These materials grade into Hesperian Ridged plains materials, unit 2 (Hr2), which are characterized by buried and eroded impact craters and subdued wrinkle ridges. From analyses of crater age dates and their associated geologic contacts, channel materials appear to have formed at the same time as Hr 2 materials, and it is likely both units represent fluvial sediments. Measurements of buried craters contained in Hr 2 materials suggest that in places this unit may be -50 rn thick, but crater sizefrequency distribution curves suggest that the areal average may be closer to ~ 170 m. Based on these observations, our interpretation is that Hr 2 materials were deposited into a standing body of water during channel formation. This interpretation implies that many of the rocks visible in the Viking 1 lander images were emplaced by fluvial processes. Possibly, finer-grained sediments remained in suspension and were subsequently transported out of Chryse Planitia and into the northern plains during draining of the ponded water. East-west trending surface undulations, visible in lander views toward the south, may represent aeolian dunes, lava flow fronts, or sediment waves formed at the bottom of the standing body of water. Broad physiographic units seen at the surface are not clearly visible in Viking orbiter images; however, they can be projected at the resolution of the orbiter images. These units show that concentrations of drift materials are oriented in a northwesterly direction, contrary to the strongest prevailing wind direction which is toward the northeast. These materials were probably deposited on Ridged plains materials, unit 2, during a period of time when aeolian processes were more active in the region. Both Earth-based radar and Viking thermal data suggest that the Mars Pathfinder landing site will be similar geologically to the Viking 1 site. If this is true, then the Mars Pathf'mder mission provides the opportunity for building directly on results of the Viking program. Some of the outstanding questions that Mars Pathfunder may be able to address include determining the aeolian modification history of the Chryse Planitia region, the degree and possibly the relative rate of sediment induration, the fraction of rocks and boulders emplaced by impact processes, the possibility that some materials are the result of in situ weathering, and whether materials were emplaced by fluvial processes and the associated depositional environment.
Introduction
In July of 1997, the first in what will hopefully be a series of missions will end a long hiatus of direct exploration of the martian surface. The Mars Pathfinder spacecraft will provide stereo color imaging, multispectral analyses, direct measurements 4161 
Background
Chryse Planitia is an extensive, semicircular basin centered at approximately 25øN, 40øW (Figure 2) . At a maxLmum depth of more than 3 km below the mean Martian datum, it is one of the lowest regions on Mars (topography from the U.S. Geological Survey [1976] ), suggesting that it may be an ancient impact basin [Schultz et al., 1982] . The boundary separating the southern cratered highlands from the northern smooth plains borders most of Chryse Planitia, but unlike other areas on Mars the transition across the "dichotomy" boundary in this region is not marked by a sharp change in elevation. The boundary has, however, been incised by most of the large outflow channels, including Kasei and Maja Valles to the west and Shalbatana, Simud, Tiu, and Ares
Vailes to the south.
Site Selection
On the morning of July 20, 1976, Viking 1 became the first spacecraft to !and successfully on the surface of Mars. From Mariner 9 data Chryse Planitia had been selected as the primary site for this oerrst landing several years earlier; however, the actual targeted site was not certified until the Viking 1 spacecraft had been in orbit for several weeks. The preselected Chryse Planitia landing site at 19.5øN, 34.0øW was rejected when Viking images indicated that this area had been heavily eroded by both fluvial processes and wind stripping and it also contained volcanic terrain. All of these processes were thought to generate surface features that could be hazardous to a safe landing [Masursky and Crabill, 1981]. In addition, Earth-based radar daha sugges.ted that the surface might be too rough [Tyler et al., 1976] . The landing site was retargeted for the central portion of the Chryse basin (22.4øN, 47.5øW) 3 km below Mars datum where it was assumed that the regional gradient caused deposition rather than erosion from the large circum-Chryse outflow channel complex [Masursky and Crabill, 1981] . Earth-based radar data, an important consideration in the Viking landing site certification, also showed reflectivity of 5-10%, which is close to the martian average [Tyler et al., 1976] . These data strengthened the interpretation that the selected site did not have unusually abundant roughness at a scale not resolvable from orbit.
Ironically, the preselected, and subsequently rejected, Viking landing site at 19.5øN, 34.0øW is now essentially the primary site for Mars Pathfinder (19.5øN, 32.8øW). However, this site meets both the elevation (<0 km) and the latitude constraints (0øN to 30øN) placed on the Pathfinder spacecraft. Golombek et al. [ 1995a] also point out that only one Viking-era Earth-based radar track actually has a subradar point within the Pathfinder landing ellipse, and these data have a low signal to noise ratio [Downs et al., 1978] . Additional Earth-based radar measurements were made during the 1995 opposition in support of the Pathfinder mission. These new data suggest that the Pathfinder landing site is ~200-300 m lower in elevation than the Viking 1 landing site [Haldemann et al., 1995; Harmon and Campbell, 1995] with an RIMS slope about equal to (~6ø-7ø; [Harmon and Campbell, 1995 [1995] has determined that the thermal inertia within the Pathfinder landing site ranges from 9.8 to 12.9 x 10 -3 cal cm -2 s -ø-s K -1 in comparison to the Viking 1 measurement of 8.5 x 10 -3 cal cm '2 s -ø-5 K -1 [Christensen and Kieffer, 1979] . He has also determined a rock abundance of 18 to 25+5% within the Pathfinder landing ellipse, which is also slightly higher than the estimate of-o15+5% for Viking 1 [Christensen, 1982] . Although both radar and thermal data indicate that the Pathfinder landing site will be safe, they also suggest that the two landing sims will be geologically similar.
Previous Geologic Investigations
Mariner 9 based analysis of Chryse Planitia showed that surfaces within the basin are relatively smooth and sparsely cratered. These interior terranes were interpreted to be volcanic in origin [Milton, 1974] and Tiu Valles is subsequently determined to be the result of impact cratering or in situ weathering. Because erosional scour from channel emplacement does not reach the vicinity of the VL-1 landing site, volcanic materials post-dating channel formation are thought to exist in central Chryse Planitia [Carr et al., 1976; ½arr, 1981, p. 20] . Alternatively the area around VL-1 may be higher than the surrounding plains, thus isolating the landing site from channeling processes [Greeley et al., 1977] . While these scenarios are possible, we discuss reasons why it is probable that at least some of the material observed in the Viking 1 images may actually be the result of fluvial deposition.
Regional Geology
Plate 2 shows the principal geologic units mapped at 1:500,000 scale (L.S. Crumpier et al., map in review, 1994). Formal stratigraphic systems for Mars have previously been defined by Scott and Carr [1978] . They are named, from oldest to youngest, Noachian, Hesperian, and Amazonian. Tanaka [1986] subdivided these systems into series based upon impact crater frequencies. According to this scheme, relative ages of geologic units can be presented as the cumulative number of impact craters greater than 2 or 5 km in diameter per million square kilometers [N(x)]. Although the absolute ages for martian geologic units are controversial (see discussion by Tanaka [1986] ), assigning relative ages to the units allows investigators to place local geologic events into a regional or global context. Numerous geologic units were identified during the mapping; however, only those units essential to a discussion of the broad geologic history of Chryse Planitia are presented here. The oldest principal materials in the area are Hesperian in age. Noachian materials are not exposed, although degraded and buried impact craters may have excavated into underlying Noachian materials. Chryse Planitia is thought to be the result of a giant impact [Schultz et al., 1982] , as is Acidalia Planitia immediately to the north [Schultz and Frey, 1990] . Presumably the Chryse and Acidalia basins formed during the early to middle Noachian near the peak of heavy bombardment on Mars (-4.0 Gyr; Tanaka [1986] ). This suggests that all the units within the map area overlie highly fractured crustal rock.
The oldest exposed unit in the map area is the Hesperian ridged plains materials, unit 1 (Hrl Carr et al. [1987] calculated that as much as 6.3 x 106 km 3 of water may have been released into the Chryse basin during formation of the circum-Chryse outflow channel complex. This is equivalent to a global layer -44 m deep [Carr, 1987] (Table 1) . Mapped as the same unit based on physiographic similarities, the two are thus considered Amazonian/l-Iesperian in age. However, the variety of surface materials observed by the Viking 1 lander is analogous to a "grab bag" for remote sensing data, and it is very likely that the Pathfinder site will be as well. This is more useful than a simple end member site in that it will provide a more robust test of the accuracy of existing remote sensing models.
Possible Origins of the Rocks
Essentially, the Viking 1 lander is sitting on Ridged plains material, unit 2 (Hr2; Plate 2), and, from the orbiter-based geology, the physiographic units seen by the lander (Figure 7) are likely modified components of this unit. Based on surface texture and apparent vesicles, the rocks visible in lander images are thought to be predominantly basaltic [Mutch et Making accurate measurements of the rocks seen by the Viking landers is not easy to do, primarily because at best only two of the three axes can be measured within any degree of certainty: the short axis, which the rock naturally rests on, and the axis that is most close to being perpendicular to the lander cameras.
Given the present level of uncertainty, it does not seem reasonable to rule out the possibility that some of the rocks seen by Recognizing the probability that the martian drifts are inactive aeolian features, Arvidson et al. [1979] suggested that they may be on the order of 15,000 years old corresponding to the time interval during which the sub-solar point at perihelion precessed from the latitude of the landing site to its current location. Since the orbital plane of Mars precesses with a period of ~7,000 years [Ward, 1992] , it follows that Chryse Planitia (i.e., Ridged plains materials, unit 2 and perhaps unit 1 as well) are periodically blanketed by aeolian materials, which then migrate across the basin floor. Subsequently, these aeolian materials become inactive and, perhaps, loosely bonded when conditions change to those observed presently. As suggested by Moore et al. [1987] , current seasonal and diurnal changes in martian atmospheric conditions may occasionally remove the agent that binds the drift material, in part, causing slopes to fail in places.
Possibly, aeolian weathering of the Drift material could be due to a change in the prevailing wind direction with time. The orientation of the Drift material (Figure 7 ) appears to be predominantly in a northwesterly direction, suggesting that the prevailing winds were also in this direction when the drifts were deposited. In contrast, the current direction of the strongest prevailing winds (7 m s-i) measured by Viking 1 are currently north to northeast [Hess et al., 1977 ]. This observation is also supported by the NNE orientation of wind streaks in the map area where R is the radius of the planet, r is the height of the object, and ql is the angle between the apparent horizon for the observer and the object measured from the center of the planet. This significantly increases the distance over which objects can be viewed.
Rim height estimates for Yorktown and Lexington were made using equations from Pike and Davis [1984] . Elevation differences between the base of the crater rims and the landing site were determined from U.S. Geological Survey [1976, 1977] Although large-scale geologic mapping suggests that the Viking 1 site is located on a fluvial deposit, it is still reasonably uncertain as to what the emplacement mechanism was for the rocks observed by the lander. This is in spite of the fact that the Viking 1 landing site was chosen because of its proximity to several large outflow channels! Determining the emplacement mechanisms for rocks observed at the Mars Pathfinder landing site may also be problematic. Prior to the mission, it will be important to develop a series of templates relying on a rock's angularity and sphericity that will aid investigators in determining the likelihood of a rock being emplaced by either in situ weathering, impact cratering, or fluvial processes. The necessity for doing this increases when the probability that most rocks will be dust covered is considered: spectrally, all rocks may look the same to the IMP camera. The only mechanism for separating locally derived rocks from those brought in from great distances through fluvial transport may be based on the general shape of the rocks. We have demonstrated the possibility that large objects such as impact craters may be visible up to 50 km away from the Viking 1 lander. Because the Pathfinder landing site is situated at an elevation that is hundreds of meters lower than Viking 1 [Haldemann et al., 1995; Harmon and Campbell, 1995 ] the capability of seeing objects in the distance is enhanced. Although this seems counterintuitive, it is analogous to having a better view of the bleachers by being on the field at a football stadium (Equations (1), (2), and (3) ). It may be possible to obtain spectral information from crater rims or outflow channel terraces using the IMP camera, which would increase our understanding of the geology of southern Chryse Planitia to a regional scale.
Finally, one of the most important geologic materials Mars Pathfinder may observe is potential bedrock outcrops (Figure 8b 
